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Abstract-The study was used to analyze the wind characteristics of 
Shaki (08.40' N; 03.23' E; Altitude 457.0 m; Air density 1.1723 
kg/m 3 ) and Iseyin (07.58' N; 03.36' E; Altitude 330.0 m; Air 
density 1.1869 kg/m 3 ), two local sites in Oyo State, Nigeria. 21 
years monthly mean wind speeds at 10 m height obtained from 
the Nigeria meteorological department were employed together 
with the Weibull 2-parameter distribution and other statistics to 
carry out monthly, seasonal and whole years' analyses of the sites' 
wind profiles for electricity generation. It was found that the 
whole data spread ranged between 0.9 and 9.1 m/s for the two 
sites while the 21 years' average ranged between 3.2 and 5.1 m/s 
and 2.9 and 4.7 m/s for Shaki and Iseyin sites respectively. Three 
wind energy conversion systems were employed with the results 
and it was discovered that, the sites have capacity to generate 
MWh to GWh of electricity at an average cost/kWh of between € 
(0.025 and 0.049) and that a turbine with technical parameters of 
cut-in, cut-out and rated wind speeds of 3.0, 25 and 11.6 m/s is 
appropriate for the sites. 

Key words-Wind power, wind speed, Turbine cost, Iseyin, Shaki, 
Nigeria 

I. Introduction 

The concern over the production of adequate electricity to 
drive economic developments is a global issue. Moreover, the 
need to generate such magnitude of needed electricity from 
environmentally friendly and non-toxic sources has further 
heightened the concern. This has led to various efforts at 
measuring and assessing the potentials and viability of 
generating electricity from renewable energy resources of 
which wind is a veritable source. Wind Energy Technology 
(WET) application involves three important stages of resource 
assessment, hardware development and installation, and also 
electricity generation and distribution. Moreover, the first stage, 
which in this case is the potential resource assessment, is very 
important to the other two stages and therefore to WET. It 
determines the turbine selection criteria based on the turbine's 
wind speed technical rating of cut-in, cut-out and rated wind 
speeds. It also determines the magnitude of wind power that 
can possibly be generated from a site based on the historical 
wind speed assessment results. 



Various wind resource assessment studies have been 
conducted around the world to determine the potentialities of 
local sites for wind power/electricity generation (Feretic et al., 
1999; Oztopal et al., 2000; Sulaiman et al., 2002; Rehman and 
Ahmed, 2005; Akpinar and Akpinar, 2005; Ahmed and 
Hanitsch, 2006; Albadi et al., 2009; Ahmed, 2010). The case 
of Nigeria is not left out and the reports are available (Ojosu 
and Salawu, 1990a, 1990b; Adekoya and Adewale, 1992; 
Fagbenle and Karayiannis, 1994; ECN-UNDP, 2005; Asiegbu 
and Iwuoha, 2007; Fadare, 2008; Ajayi, 2009; Ogbonnaya et 
al., 2009; Fadare, 2010; Fagbenle et al., 2011). Each one of 
these reports considered different sites and presented analyses 
to justify their results. Moreover, ECN-UNDP (2005) reported 
that due to the varying topography and roughness of the nation, 
large differences in wind distribution within the same locality 
exist. This is corroborated by the fact that wind resources are 
site specific and despite reports summarizing for the country, a 
site-by-site assessment is necessary in order to have proper 
wind classification for the nation. More so, considering all the 
available reports on Nigeria, none have focused on Iseyin and 
Shaki, two towns in Oyo State, South- West of Nigeria. This 
work is therefore used to focus on the wind resource 
assessment study of a wind measuring site in each of the towns. 
It assessed the wind energy resources of the sites to determine 
its monthly, yearly and seasonal potentials for electricity 
generation. It also considered the economic viability of wind 
electricity production by adapting three practical wind energy 
conversion systems (turbine models) to the results of the 
Weibull analysis to determine the econometrics analysis of 
generating wind electricity in the sites. 

II. Materials and Method 

Twenty one years (1987 - 2007) monthly mean wind speed 
data employed for this study were obtained from the Nigeria 
meteorological department, Oshodi, Lagos, Nigeria. The data 
were measured continuously using three cup generator 
anemometer and recorded for a height of 10 m above sea level. 
Figs. 1 and 2 gives the data spread for the two sites while 
Table 1 presents information regarding the sites. The data were 
then analyzed to determine the monthly, seasonal and yearly 
wind resource potentials for power generation. 
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Fig. 1: Whole data plot for Shaki 
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Fig. 2: Whole data plot for Iseyin 



Table 1 : Details of the two sites for which wind data were obtained 
and analyzed 



Sites 


Locati 
on 


Latitude 


Longitude 


Air Density 
(kg/m3) 


Elevation 
(m) 


Shaki 


Oyo 
State 


08.40' 


03.23' 


1.1723 


457 


Iseyin 


Oyo 
State 


07.58' 


03.36' 


1.1869 


330.0 



Statistical Analysis 

The Weibull 2-parameter statistical distribution was 
employed for the data analysis in accordance with literatures 
(Feretic et al., 1999; Sulaiman et al., 2002; Montogomery and 
Runger, 2003; Akpinar and Akpinar, 2005; Ahmed and 
Hanitsch, 2006; Tina et al., 2006; Hau, 2006; Fadare, 2008; 



Fagbenle et al., 2011). The goodness-of-fit test was carried out 
using the Kolmogorov-Smirnov (K-S) statistics (Roberge, 
2003; Polyanin, 2007; Omotosho et al., 2010). 

The Probability Density Function (PDF) and the 
corresponding Cumulative Density Function (CDF) associated 
with the 2-parameter Weibull distribution are given by Eqs.l 
and 2. The K-S statistical test was based on a 95% significance 
level of a = 0.05. Based on this value of a, the assumption that 
the two-parameter Weibull distribution is suitable at explaining 
the situation of wind speed profiles in the sites is accepted if P 
>0.05. 
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,F(v) = l-exp 



(2) 



Where: 

f (v) = the probability of observing wind speed v, k = the 
dimensionless Weibull shape parameter and c (m/s) = the 
Weibull scale parameter. 

Performance Estimation of the Weibull Statistics 

In estimating the accuracy and performance of the Weibull 
statistical distribution to predict wind speed profile of a place, 
various methods suffice. However, for the purpose of this 
study, the Root Mean Square Error, Nash-Sutcliffe model 
Coefficient Of Efficiency (COE) and the Coefficient of 
Determination, R2, were employed. These are given as 
(Montgomery and Runger, 2003; Krause et al., 2005): 



RMSE = 



1 N 

-Yiy,-*,) 



(4) 



COE = \- 



P 2 _ EfUCyi-^-ZfUfe-y,) 2 
Zf =1 (y^) 2 



(5) 
(6) 



Where: 

yi = the ith actual data, xi = the ith predicted data with the 
Weibull distribution, z = the mean of the actual data and N = 
the number of observations. 

Thus, a Weibull predicted result is adjudged accurate if the 
estimated values of R2 and COE are close to 1 and those of 
RMSE are close to zero. 

Determinations of the Weibull mean wind speed and 
standard deviation 

The mean value of the wind speed, vm, and standard 
deviations, for the Weibull distribution is defined in terms of 
the Weibull parameters, k and c, as (Sulaiman et al., 2002; 
Akpinar and Akpinar, 2005; Fagbenle et al., 2011; Keyhani et 
al., 2010): 



i+ 



(7) 



where F ( ) is the gamma function of ( ). 

Evaluation of the most probable and maximum energy 
carrying wind speeds 

These wind speeds are very important to wind energy 
assessors. They can be evaluated from Eq. 9 and 10 (Fagbenle 
etal., 2011): 



J rwp 



fk+2 



1 

1 



(9) 



(10) 



where: 



vmp = most probable wind speed and vEmax = maximum 
energy carrying wind speed 

Simulation of the electrical power output from practical 
wind turbine models 

Three practical Wind Energy Conversion Systems (WECS) 
(turbine models) were employed with the Weibull results. One 
of the models was from General Electric (model GE 1.5xle), 
and the remaining two were from Avantis Group (models AV 
927 and AV 928). Table 2 presents the technical details of the 
turbine models. Eq. 11 (Fagbenle et al., 2011) was used to 
simulate the magnitude of electrical output which the turbine 
models will generate if employed at the sites. 



(11) 






(v<v c ) 






v k -v k 






v c <v< V R 






P R 


v R <v<v F 





v>v F 



Table 2: Technical data of wind turbine models used in the analysis 
(GE Energy, 2010; Avantis, 201 1) 



Wind 
Machine 


(m/s) 


v F 

(m/s) 


V R (m/s) 


PeR 

(kW) 


Hub 
Height 

(m) 


Rotor 
Diameter 

(m) 


GE 
l.Sxle 


3.5 


20 


11.5 


1500 


80 


82.5 


AV928 


3 


25 


11.6 


2500 


80 


93.2 


AV927 


3 


25 


13.1 


3300 


60-80 


93.2 



And 



A very important parameter of a practical wind turbine 
model is the average power output (Pe,ave) from the turbine. It 
(8) can be used to determine the total energy production and by 
extension the total income/cost analysis. It is evaluated from 
(Akpinar and Akpinar, 2005): 



IJ ES Vol.1 No. 2 2011 PP. 78-92 www.ijesci.org ©World Academic Publishing 

-80 ~ 



I nternational I ournal of Energy Science 



IIES 



p = p 

cave eR 



v B / 1 (v„ 



(12) 



The capacity factor, CF, associated with using a wind 
turbine to generate electricity is given as (Rehman and Ahmed, 
2005; Akpinar and Akpinar, 2005): 



CF=\ 



where: 

vc = cut in wind speed, vR = rated wind speed, vF 
wind speed and PeR = rated electrical power 



(13) 



cut off 



Total income/Cost analysis of electrical generation from a 
practical wind turbine 

Based on the results obtained for Pe,ave, the total 
income/cost analysis of generating certain magnitude of 
electricity for a given life or period of the turbine can be 
evaluated from (Ahmed and Hanitsch, 2006): 



C pv =x(l+R c )+-R 0l 



" 1+I R ' 












M 



(14) 



Furthermore, the specific cost per kWh of wind turbines can be 
estimated from: 



p ^-pv 

sc/kwh Annual P c avc xt 



(15) 



where: Cpv = present cost, x = turbine price, RC = rate 
chargeable on turbine price to arrive at the cost for 
civil/structural works, Rom = rate chargeable on annual turbine 
price to arrive at the cost for Operation and Maintenance (O & 
M), RI = prevailing interest rate, IR = prevailing inflation rate, 
RSC = rate chargeable on total investment cost, t = turbine life 
or period of operation of turbine availability, CSC/kWh = 
specific cost per kWh. 



III. 



Results and Discussion 



The distributions of the sites' wind speed profiles across 
the whole period from 1987 to 2007, representing the whole 
data spread, are presented using Figs. 1 and 2. Analysis of this 
data spread revealed that the minimum and maximum wind 
speed values for the two sites lay between 0.9 and 9.1 m/s 
respectively. The frequency of occurrence of the wind speed 
data are also presented in Fig. 3. This shows that, of the 252 
wind speed data for each of the sites, 85% of Shaki site's wind 
speed data lay between 2.0 and 5.9 m/s. Only 14.6% of the 
data were values within the range 6 to 9.1 m/s. Also 52% of 
Iseyin site's wind speed data have values within the range 0.9 



to 3.9 m/s while 46% of the data have values between 4.0 and 
7.9 m/s respectively. 

Furthermore, for the fact that most new wind turbine 
designs can operate with cut-in wind speed of 3.0 m/s, the 
frequency of occurrence of wind speed values from 3.0 m/s 
and above were determined. It was discovered that 90% of 
wind speed data for Shaki and 80% of those for Iseyin were 
from 3.0 m/s and above. This means that wind turbines 
installed at the sites will work for most of the time. 

Moreover, in order to understand the exact fluctuation of 
the wind profile distributions across the period, the 21 years 
average monthly and yearly wind speeds of Figs. 1 and 2 were 
evaluated and represented as Figs. 4 and 5. Figs. 4 and 5 
reveals that average wind speed values for the period lay 
between 2.9 and 4.7 m/s for Iseyin and 3.2 and 5.1 m/s for 
Shaki for the period from January to December. The annual 
range lay between 1.8 and 6.0 m/s for Iseyin and between 2.8 
and 6.0 m/s for Shaki respectively. In addition, Fig. 4 showed 
that the months with highest and lowest wind energy potential 
for Iseyin occurred in April and November respectively while 
for Shaki it was February and September respectively. 
However, the period for highest wind energy potential for the 
two sites lay between January and April for Iseyin and 
December to May for Shaki. 
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Fig. 3: Measured wind speed frequency plot for the sites 
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Fig. 4: 21 years average monthly wind speed profiles 
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Fig. 5: 21 years annual average wind speed profiles 

Seasonally, Fig. 6 clearly demonstrated that Shaki site has 
a better magnitude of wind speed profile in the dry season 
(October to March) than in the wet (April to September). 
Iseyin site however showed better wind speed profile in the 
wet than the dry season. The mean measured data distribution 
between the dry and wet periods gave the range of mean wind 
speeds as 1.0 to 9.1 m/s and 2.0 to 6.8 m/s for Shaki. For 
Iseyin it was 0.9 to 9.1 m/s and 1.1 to 6.8 m/s respectively. The 
seasons 21 years' average gave 4.6 (dry) and 4.1 m/s (wet) for 
Shaki and 3.8 (dry) and 4.0 m/s (wet) for Iseyin respectively. 
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Fig. 6: Seasonal and whole year variation of average wind speed values 

Comparing the two sites, Figs. 1 to 6 revealed that Shaki 
site has better wind speed profiles for power generation than 
Iseyin across the months and years. 

Performance of a statistical Weibull analysis on the wind 
speed data of the two sites gave results of Table 3. The CDF 
and PDF plots for the whole data series separated into monthly, 
seasonal and whole years' analyses are also presented using 
Figs. 7 - 10. Figs. 7-10 clearly demonstrate that the wind 
speed profiles of the two sites for the stated periods follow the 
same cumulative distribution patterns. 



The differences in the shapes of the CDF and PDF plots 
were as a result of the varying values of k and c of Table 3. 
Figs. 7 and 9 revealed that, 82% of the data series were values 
that ranged from about 3.9 to 7.0 m/s and below for Shaki site. 
For Iseyin site, 82% of the data series ranged from about 3.7 to 
6.0 m/s and below. The dry and wet seasons' Weibull plots of 
Figs. 8 and 10 also reveals that up to 82% of the different 
seasons' data series were values that ranged from 2.0 to 5.6 
m/s (wet) and 1.0 to 5.9 m/s (dry) for Shaki site. For Iseyin 
site the data ranged from 1.1 to 5.4 m/s (wet) and 0.9 to 5.0 
m/s (dry) respectively. In order to establish the validity and 
reliability of the Weibull results, the K-S P-value, coefficient 
of determination, RMSE and COE statistics were evaluated 
and presented in Fig. 1 1 . The K-S P-values for the periodic and 
yearly analyses showed that the Weibull 2-parameter statistics 
was adequate at predicting and characterizing the wind speed 
profiles of the sites. This gave P > 0.05 across the whole period 
of analyses. 
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Fig. 8: Plot showing the (a) CDF and (b) PDF for Shaki site representing 
seasonal and whole year analyses 
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Table 3: Some Weibull results for the whole 21 years 



Shaki 


Iseyin 


Period 


V weibull (mis) 


k(-) 


c {mis) 


Oweibull (mis) 


factual (mis) 


V 'weibull (mis) 


k(-) 


c (mis) 


"weibull (mis) 


"actual (mis) 


JAN 


4.8 


5.4 


5.2 


1.0 


1.0 


4.1 


4.9 


4.4 


1.0 


0.9 


FEB 


5.1 


3.3 


5.7 


1 .7 


1.7 


4.3 


3.5 


4.8 


1.4 


1.5 


MAR 


5.1 


2.4 


5.8 


2.3 


1.9 


4.6 


2.3 


5.2 


2.1 


1.8 


APR 


4.9 


4.4 


5.4 


1.3 


1.2 


4.7 


3.1 


5.3 


1.6 


1.4 


MAY 


4.6 


3.8 


5.1 


1.4 


1.3 


4.1 


4.3 


4.5 


1.1 


1.1 


JUN 


4.0 


3.4 


4.5 


1.3 


1.3 


3.9 


3.0 


4.4 


1.4 


1.3 


JUL 


4.1 


3.1 


4.6 


1.4 


1.4 


4.1 


3.0 


4.6 


1.5 


1.4 


AUG 


3.9 


3.1 


4.3 


1.3 


1.3 


4.0 


2.6 


4.5 


1.7 


1.5 


SEP 


3.3 


4.8 


3.6 


0.8 


0.7 


3.4 


3.1 


3.8 


1.2 


1.1 


OCT 


3.7 


3.2 


4.2 


1.3 


1.3 


3.2 


2.8 


3.6 


1.2 


1.1 


NOV 


3.8 


3.6 


4.2 


1.2 


1.1 


3.0 


2.4 


3.4 


1.3 


1.2 


DEC 


5.0 


3.4 


5.5 


1.6 


1.5 


4.0 


3.4 


4.4 


1.3 


1.3 




4.6 


3.4 


5.1 


1.5 


1.5 


3.8 


2.9 


4.3 


1.4 


1.4 


W/et Season 


4.1 


3.6 


4.6 


1.3 


1.3 


4.0 


3.3 


4.5 


1.4 


1.3 


Whole Year 


4.3 


3.5 


4.8 


1.4 


1.4 


3.9 


3.1 


4.4 


1.4 


1.4 


1987 


4.7 


9.0 


5.0 


0.6 


0.6 


4.3 


2.9 


4.8 


1.6 


1.3 


1988 


4.9 


8.1 


5.2 


0.7 


0.6 


6.1 


3.3 


6.8 


2.1 


1.7 


1989 


5.4 


6.4 


5.8 


1.0 


0.9 


5.1 


3.5 


5.6 


1.6 


1.6 


1990 


5.5 


7.4 


5.9 


0.9 


0.7 


3.8 


2.9 


4.2 


1.4 


1.4 


1991 


6.1 


3.3 


6.8 


2.1 


1.7 


4.0 


2.2 


4.5 


1.9 


1.6 


1992 


5.1 


3.5 


5.6 


1.6 


1.6 


3.5 


3.3 


3.9 


1.2 


1.1 


1993 


3.8 


2.9 


4.2 


1.4 


1.4 


4.0 


5.7 


4.4 


0.8 


0.8 


1994 


4.9 


6.3 


5.2 


0.9 


0.8 


4.4 


3.9 


4.9 


1.3 


1.2 


1995 


3.9 


5.7 


4.2 


0.8 


0.7 


4.2 


4.0 


4.6 


1.2 


1.2 


1996 


4.3 


6.9 


4.6 


0.7 


0.7 


4.4 


6.9 


4.7 


0.8 


0.7 


1997 


3.7 


6.2 


4.0 


0.7 


0.7 


2.1 


2.8 


2.4 


0.8 


0.8 


1998 


4.1 


7.6 


4.4 


0.6 


0.6 


2.4 


3.3 


2.6 


0.8 


0.8 


1999 


4.1 


6.2 


4.4 


0.8 


0.7 


1.8 


3.2 


2.1 


0.6 


0.6 


2000 


2.9 


3.1 


3.3 


1 .0 


0.9 


3.1 


3.9 


3.4 


0.9 


0.8 


2001 


2.9 


2.4 


3.3 


1.3 


1.2 


3.8 


6.2 


4.1 


0.7 


0.7 


2002 


2.9 


3.9 


3.2 


0.8 


0.8 


3.9 


9.8 


4.1 


0.5 


0.4 


2003 


6.1 


3.3 


6.8 


2.1 


1.7 


4.0 


6.9 


4.3 


0.7 


0.6 


2004 


5.1 


3.5 


5.6 


1.6 


1.6 


4.1 


4.7 


4.5 


1.0 


0.9 


2005 


3.8 


2.9 


4.2 


1.4 


1.4 


4.2 


6.1 


4.5 


0.8 


0.7 


2006 


4.0 


2.2 


4.5 


1.9 


1.6 


4.7 


5.6 


5.0 


1.0 


0.9 


2007 


3.5 


3.3 


3.9 


1.2 


1.1 


4.6 


4.1 


5.1 


1.3 


1.1 
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Fig. 9: Plot showing the (a) CDF and (b) PDF for Iseyin site 
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Fig. 11a: Estimation parameters of the Weibull statistical distribution for 
Shaki (i) Periodic analyses (ii) annual analyses 
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Fig. lib: Estimation parameters of the Weibull statistical distribution for 
Iseyin (i) Periodic analyses (ii) annual analyses 

Furthermore, the performance estimation results (Fig. 11) 
of the Weibull distribution clearly demonstrated that the 
obtained results were very reliable. However, some of the 
values of RMSE were greater than 0.5 as shown in Fig. 1 1 . 
Thereby presenting a situation that required further 
investigation in order to determine the exact interpretation 
of the results. This involved comparing the Weibull results 
with the actual measured data as presented in Fig. 12. 
Clearly, Fig. 12 showed that at each point the value of 
RMSE > 0.5, the Weibull predicted result is higher than the 
actual measured data value. This is a case of over prediction 
and the full interpretation depends on the value of COE at 
the points, whether positive or negative. A negative COE 
value means the actual data value is a better predictor of the 
true situation than the Weibull result. In this study however, 
the COE reported positive values throughout. This points to 
the conclusion that although the Weibull result is higher, it 
is a better predictor of the true value. 



Fig. 12a: Plot comparing the Weibull prediction with actual data for Shaki 
(i) periodic analyses (ii) Annual analyses 
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Fig. 12b: Plot comparing the Weibull prediction with actual data for Iseyin 
(i) periodic analyses (ii) Annual analyses 

Assessing a site's wind resources for power generation 
involves not only profiling the wind power potential. It also 
involves evaluating two important wind speeds that will aid 
in the determination of the wind speed rating of a suitable 
wind turbine. These wind speeds are the most probable wind 
speed (vmp) and the maximum energy carrying wind speed 
(vEmax) (Fagbenle et al., 2011) evaluated from Eqs.9 and 
10. Fig. 13 displays the monthly, seasonal and whole years' 
values of these wind speeds. It showed that the range of 
values for vmp and vEmax for Shaki site were 3.4 to 5.1 m/s 
and 3.9 to 7.5 m/s (from January to December), 4.6 m/s and 
5.8 m/s (Dry), 4.2 m/s and 5.2 m/s (wet) and 4.4 m/s and 5.5 
m/s (whole years) respectively. While for Iseyin site, the 
values were from 2.7 to 4.7 m/s and 4.4 to 6.8 m/s (from 
January to December), 3.7 m/s and 5.1 m/s (Dry), 4.0 m/s 
and 5.2 m/s (wet) and 3.9 m/s and 5.0 m/s (whole years) 
respectively. Thus, a wind turbine having cut-in wind speed 
of 3.0 m/s at 10 m height will likely work to produce 
electricity at Shaki site, while that with cut-in wind speed of 
2.5 m/s will likely be more appropriate at 10 m height for 
Iseyin site. 
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Fig. 13: Plot showing most probable and maximum energy carrying wind 
speeds for periodic analyses (a) Shaki (b) Iseyin 

Wind turbine electricity and cost benefit analyses 

The magnitudes of wind power that may likely be 
generated if wind turbine models were installed at the sites 
were evaluated. This involved subjecting the wind profiles 
at the sites to the three wind turbine models mentioned 
earlier. However, since the data were of the 10 m height, the 
corresponding wind speed values at the turbines' hub 
heights (80 m) were estimated from (Oztopal et al., 2000): 



ref 



"10 



K 



80 
10 



"10 



(8f 



so 



where: 



vref = v80 = wind speed at reference height of 80 m, vlO = 
wind speed at 10 m height, href = reference height = 80 m, 
hlO = 10 m height, a = roughness factor for the sites. This 
was taken to be 0.3 according to Asiegbu and Iwuoha 
(2007), for small towns and suburb with high woods and 
many trees. A description that is adequate for the sites. 

With the wind speeds at 80 m height, the Weibull 
parameters for analyses at the new height were evaluated 
and used with Eqs.ll - 13. The results are presented in 
Table 4 for the two sites. Table 4 however showed that, 
though the turbines can be employed at the two sites, they 
produced higher average power output at the Shaki site than 
at Iseyin. 

The monthly average power output across the turbine series 
varied from the lowest in September to the highest in March 
with values ranged from 0.08 to 1.20 GWh in Shaki site. In 
Iseyin site, it varied from the lowest in January to the 
highest also in March except for the GE 1.5 xle which had 
the lowest 
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value in October. The range of average power output for 
Iseyin site across the turbine series was from 0.21 to 1.01 
GWh. 

When sites' turbine to turbine productions were 
compared (Fig. 14a), the range of monthly average power 



output of turbines at Iseyin were more than those at Shaki 
except for AV 927 model. However, on annual production 
values (Fig. 14b), the range of production at Shaki site was 
consistently more than those of Iseyin. 



Table 4a: Results from simulating electrical power output with the wind turbine models for Iseyin 







GE 1.5xle 






AV 928 






AV927 




Period 


P e (GWh) 


PeAve (GWh) 


CF (%) 


P e (GWh) 


PeAve (GWh) 


CF 

(%) 


Pe (GWh) 


PeAve (GWh) 


CF (%) 


Jan 


0.14 


0.22 


19.42 


0.23 


0.35 


18.76 


0.17 


0.26 


10.41 


Feb 


0.28 


0.37 


36.59 


0.45 


0.61 


36.14 


0.39 


0.56 


25.20 


Mar 


0.53 


0.54 


48.15 


0.88 


0.91 


49.01 


0.87 


1.01 


41.08 


Apr 


0.45 


0.52 


47.94 


0.74 


0.86 


47.59 


0.66 


0.86 


36.40 


May 


0.18 


0.27 


24.54 


0.30 


0.45 


23.93 


0.24 


0.36 


14.49 


Jun 


0.25 


0.34 


31.53 


0.42 


0.57 


31.51 


0.38 


0.54 


22.77 


Jul 


0.32 


0.41 


36.79 


0.53 


0.68 


36.71 


0.48 


0.67 


27.19 


Aug 


0.34 


0.42 


37.91 


0.57 


0.71 


38.16 


0.55 


0.73 


29.75 


Sep 


0.15 


0.23 


21.06 


0.26 


0.38 


21.21 


0.24 


0.35 


14.67 


Oct 


0.14 


0.21 


19.06 


0.25 


0.36 


19.50 


0.24 


0.34 


13.94 


Nov 


0.16 


0.24 


22.17 


0.30 


0.42 


23.22 


0.31 


0.44 


18.40 


Dec 


0.24 


0.33 


29.94 


0.40 


0.55 


29.66 


0.34 


0.50 


20.30 


1987 


4.33 


5.35 


40.74 


7.20 


8.90 


40.66 


6.65 


8.93 


30.90 


1988 


12.67 


9.11 


69.32 


20.53 


15.35 


70.10 


18.15 


17.37 


60.08 


1989 


6.61 


7.10 


54.07 


10.75 


11.72 


53.50 


9.26 


11.85 


41.00 


1990 


2.81 


3.89 


29.58 


4.76 


6.49 


29.65 


4.37 


6.20 


21.43 


1991 


4.30 


5.10 


38.81 


7.34 


8.63 


39.43 


7.30 


9.24 


31.98 


1992 


1.91 


2.81 


21.39 


3.24 


4.69 


21.40 


2.86 


4.19 


14.50 


1993 


1.13 


1.77 


13.46 


1.80 


2.82 


12.87 


1.19 


1.85 


6.41 


1994 


3.57 


4.85 


36.89 


5.81 


7.93 


36.19 


4.76 


6.94 


24.02 


1995 


2.68 


3.86 


29.41 


4.39 


6.31 


28.79 


3.55 


5.28 


18.26 


1996 


1.35 


2.14 


16.32 


2.12 


3.37 


15.41 


1.22 


1.94 


6.71 


1997 


0.19 


0.55 


4.19 


0.57 


1.06 


4.84 


0.53 


0.99 


3.42 


1998 


0.32 


0.62 


4.73 


0.69 


1.14 


5.20 


0.62 


1.01 


3.50 


1999 


0.00 


0.18 


1.37 


0.15 


0.39 


1.77 


0.13 


0.34 


1.18 


2000 


0.80 


1.25 


9.50 


1.38 


2.09 


9.53 


1.13 


1.71 


5.91 


2001 


0.65 


1.03 


7.86 


1.04 


1.64 


7.49 


0.65 


1.02 


3.53 


2002 


0.18 


0.29 


2.22 


0.27 


0.45 


2.04 


0.11 


0.18 


0.64 


2003 


0.66 


1.06 


8.05 


1.04 


1.66 


7.60 


0.60 


0.95 


3.28 


2004 


1.92 


2.91 


22.17 


3.11 


4.70 


21.46 


2.31 


3.53 


12.20 


2005 


1.25 


1.97 


14.96 


1.98 


3.12 


14.23 


1.25 


1.96 


6.79 


2006 


2.65 


3.96 


30.16 


4.21 


6.34 


28.93 


2.77 


4.32 


14.95 


2007 


3.86 


5.17 


39.35 


6.26 


8.44 


38.52 


5.00 


7.32 


25.31 
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Table 4b: Results from simulating electrical power output with the wind turbine models for Shaki 



GE 1.5xle AV 928 AV 927 



Period 


P e (GWh) 


PeAve (GWh) 


CF 

(%) 


P e (GWh) 


PeAve (GWh) 


CF 

(%) 


P e (GWh) 


P eAve (GWh) 


CF I 


Jan 


0.72 


0.58 


51.81 


1.20 


1.03 


55.18 


1.23 


1.19 


48.64 


Feb 


0.53 


0.56 


55.16 


0.87 


0.92 


54.72 


0.77 


0.95 


42.96 


Mar 


0.70 


0.62 


55.87 


1.15 


1.06 


57.14 


1.12 


1.20 


48.78 


Apr 


0.38 


0.49 


45.08 


0.62 


0.79 


44.09 


0.48 


0.69 


29.10 


May 


0.36 


0.46 


41.63 


0.59 


0.76 


40.97 


0.49 


0.70 


28.46 


Jun 


0.24 


0.33 


30.92 


0.40 


0.55 


30.63 


0.35 


0.50 


21.07 


Jul 


0.30 


0.40 


35.47 


0.50 


0.66 


35.30 


0.45 


0.63 


25.60 


Aug 


0.24 


0.33 


29.74 


0.40 


0.55 


29.65 


0.36 


0.51 


20.94 


Sep 


0.05 


0.08 


7.77 


0.09 


0.14 


7.63 


0.07 


0.10 


4.31 


Oct 


0.21 


0.30 


26.74 


0.35 


0.50 


26.71 


0.32 


0.46 


18.65 


Nov 


0.18 


0.26 


24.48 


0.30 


0.44 


24.22 


0.26 


0.38 


15.95 


Dec 


0.53 


0.58 


52.31 


0.86 


0.96 


51.78 


0.75 


0.97 


39.51 


1987 


1.18 


1.92 


14.59 


1.81 


2.96 


13.51 


0.80 


1.31 


4.54 


1988 


1.92 


3.06 


23.27 


2.98 


4.77 


21.77 


1.46 


2.36 


8.17 


1989 


5.80 


6.98 


53.11 


9.16 


11.28 


51.51 


5.59 


8.49 


29.37 


1990 


5.55 


6.87 


52.30 


8.68 


11.04 


50.40 


4.63 


7.28 


25.19 


1991 


12.67 


9.11 


69.32 


20.53 


15.35 


70.10 


18.15 


17.37 


60.08 


1992 


6.61 


7.10 


54.07 


10.75 


11.72 


53.50 


9.26 


11.85 


41.00 


1993 


2.81 


3.89 


29.58 


4.76 


6.49 


29.65 


4.37 


6.20 


21.43 


1994 


2.97 


4.41 


33.55 


4.70 


7.03 


32.08 


2.87 


4.53 


15.66 


1995 


0.95 


1.49 


11.36 


1.52 


2.38 


10.86 


1.00 


1.57 


5.42 


1996 


0.99 


1.58 


12.05 


1.56 


2.49 


11.36 


0.88 


1.41 


4.87 


1997 


0.57 


0.90 


6.82 


0.90 


1.42 


6.50 


0.56 


0.89 


3.07 


1998 


0.61 


0.99 


7.54 


0.96 


1.55 


7.06 


0.50 


0.81 


2.80 


1999 


1.07 


1.69 


12.89 


1.70 


2.68 


12.25 


1.06 


1.67 


5.77 


2000 


0.99 


1.57 


11.98 


1.81 


2.71 


12.38 


1.63 


2.45 


8.47 


2001 


1.41 


2.22 


16.91 


2.65 


3.87 


17.67 


2.57 


3.79 


13.09 


2002 


0.61 


0.98 


7.43 


1.08 


1.66 


7.57 


0.90 


1.37 


4.74 


2003 


12.67 


9.11 


69.32 


20.53 


15.35 


70.10 


18.15 


17.37 


60.08 


2004 


6.61 


7.10 


54.07 


10.75 


11.72 


53.50 


9.26 


11.85 


41.00 


2005 


2.81 


3.89 


29.58 


4.76 


6.49 


29.65 


4.37 


6.20 


21.43 


2006 


4.30 


5.10 


38.81 


7.34 


8.63 


39.43 


7.30 


9.24 


31.98 


2007 


1.91 


2.81 


21.39 


3.24 


4.69 


21.40 


2.86 


4.19 


14.50 
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Fig. 14a: Plot comparing the monthly range of average power output of the 
turbines at the two sites 



Fig. 15a: Plot comparing the monthly values of capacity factor for the three 
turbine models employed for Iseyin site 
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Fig. 14b: Plot comparing the anneal range of average power output of the 
turbines at the two sites 

Comparing the performance characteristics of the 
turbines at the two sites (Fig. 15), showed also that, GE 1.5 
xle and AV 928 turbine models were more suitable for the 
sites than AV 927. This may be partly due to the nature of 
wind profiles of the sites which can be classified as low to 
moderate or wind power class 2 to 4 according to NREL 
(2011). It may also be due to the fact that the rated wind 
speed of AV 927 is higher. 

Substituting the rate assumptions of Table 6 into Eq. 14 

gives: 



:1.2JC4 



0.25* 









x 1 



1+1* 

l + R, 



-0.12* 



1 + 
l + R, 



(16) 



Table 5: Assumed turbine model price 



Turbine model 


Assumed price (€) 


GE 1.5xle 


1,500,000 


AV928 


2,500,000 


AV927 


3,500,000 




Month 



Fig. 15b: Plot comparing the monthly values of capacity factor for the three 
turbine models employed for Shaki site 

Cost benefit analysis 

This is estimated from Eqs.14 and 15 based on the 
assumptions presented in Tables 5 and 6. 

Table 6: Assumptions for cost benefit analysis 



Item 


Assumed value 


Rc 


20% 


Rom 


25% 


Ri 


6% 


Ir 


12% 


Rsc 


10% 


t 


20 years 



Further substituting the interest and inflation rates into Eq. 
16 gives: 



C pv =1.30755x 



(17) 



Therefore, substituting the turbine prices into Eq. 17 and 
employing Eq. 15 gives Table 7. 
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Table 7a: Cost benefit analysis for wind electricity production 
at iseyin site 



Turbine 


Present 


Average 


20 years 


Specific 


Specific 


model 


cost 


Pe.ave per 


average 


cost per 


cost per 






annum 


Pe.ave (t 


kWh (€) 


kWh 






(from 


X Pe,ave ) 




(Nigeria 






table 4) 


X lit 




naira) 






x 10 6 


kWh 










kWh 








GE1.5 


1,961,325 


3.09 


61.8 


0.032 


6.82 


xle 












AV928 


3,268,875 


5.11 


102.2 


0.032 


6.82 


AV927 


4,576,425 


4.63 


92.6 


0.049 


10.437 


Table 7b : Cost benefit analysis for wind electricity production 






AT SHAKI SITE 






Turbine 


Present 


Average 


20 years 


Specific 


Specific 


model 


cost 


Pe,ave per 


average 


cost per 


cost per 






annum 


Pe.ave (t 


kWh (€) 


kWh 






(from 


X Pe,ave ) 




(Nigeria 






Table 4) 


x 10 6 




naira) 






x 10 6 


kWh 










kWh 








GE 1.5 


1,961,325 


3.94 


78.8 


0.025 


5.33 


xle 












AV928 


3,268,875 


6.49 


129.8 


0.025 


5.33 


AV927 


4,576,425 


5.82 


116.4 


0.039 


8.31 



From Table 7, the best turbine model for the sites is AV 
928. Its cost per kWh is the same as GE 1.5xle, but has the 
capacity of producing peak generation of 2.5MW of 
electricity. However, with the present national electricity 
tariff put at about €0.015 (Ajayi, 2010), it can be concluded 
from Table 7 that the cost of producing wind electricity at 
the sites is greater. Moreover, considering the environmental 
friendliness of wind electricity and the progression of its 
technology advancement, the cost of wind electricity is 
expected to decline in the near future. 

IV. Conclusion 

The study has been used to assess the viability of wind 
energy resources for power generation of two local sites in 
Oyo State, Nigeria. Monthly mean wind speed data for the 
study were obtained from the Nigerian meteorological 
agency, Oshodi, Lagos State and subjected to the Weibull 
statistical distribution and other analyses to determine the 
potential of the sites' wind resources for power generation. 
It was found that the Weibull 2-parameter statistical 
distribution was adequate at characterizing the wind profiles 
of the sites. The range of the monthly and annual Weibull k 
and c parameters for the two sites were each found to be 
greater than two, indicating that the data spread exhibited 
good uniformity with relatively small scatter and also that 
the Weibull predicted results were accurate at explaining the 
wind profile situation of the sites (Keyhani et al., 2010). 
Furthermore, adapting the results to three practical wind 
turbine models revealed that the sites are capable of 
generating MWh of electricity, while turbine model AV 928 
appeared to be the most suitable of the three used in the 



1 1 ES 

study. Thus, the sites are good enough for small scale wind 
farm projects. 
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